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The influences of diet and seawater dissolved inorganic carbon (DIC) on the carbon isotope 27 composition of shell aragonite (δ 13 C shell ) in the Manila clam Ruditapes philippinarum reared 28 under laboratory conditions were investigated. Clams were exposed to two successive 29 negative carbon isotope shifts: a first shift in diet (δ 13 C phytoplankton ) and a second shift, 35 days 30 later, in DIC (δ 13 C DIC ). Both successive shifts induced a decrease in δ 13 C shell . These results are 31 the first to experimentally confirm an incorporation of respired carbon derived from food and 32 carbon from DIC into shell carbonate of adult bivalves. Skeletal δ 13 C responded to changes in 33 the δ 13 C of both diet and DIC in less than 7 days. Consequently, proxies based on δ In the present study we performed a laboratory experiment using the Manila clam, Ruditapes 89 philippinarum (Adams and Reeve, 1850). This bivalve species, which has an aragonitic shell, 90 was chosen for several reasons. First, it is an euryhaline bivalve living mainly at salinity 91 levels ranging from 16 to 36 (Nie, 1991) , buried a few centimeters in sandy and muddy 92 sediments in intertidal to subtidal zones. Because of its importance for aquaculture and 93 fisheries this species is well studied regarding its biology and physiology (e.g. Goulletquer C phytoplankton which were more depleted than those encountered in the field. Moreover, after 100 35 days of experiment, three salinity conditions and therefore three δ 13 C DIC were tested. The 101 aims of this study are (1) to demonstrate the incorporation of the two carbon sources (DIC 102 from surrounding seawater and DIC originating from respiration) into adult bivalve shells, 103 which, to our knowledge, has never been demonstrated experimentally, (2) to study the 104 response time of these carbon incorporations into the shell, and (3) to investigate the potential 105 use of δ 13 C shell as a proxy of high δ 13 C DIC variations and therefore of salinity in estuarine 106
water. In parallel, this experiment was designed to assess the effect of salinity variations on 107 clam physiology (i.e. condition index, shell growth rate and incorporation of carbon into soft 108 tissues) which has potential impacts on shell mineralization processes. When the clams were collected, water was sampled in the field and 200 mL was filtered on a 167 precombusted Whatman GF/F filter to determine the carbon isotope composition of 168 particulate organic matter (δ 13 C POM ) using the method described above. The suspended POM 169 pool is a mixture of different sources of carbon (e.g. phytoplankton, microphytobenthos, 170 resuspended sediment, terrestrial carbon, marine micro-algae detritus). However, δ 13 C POM 171 may be used as a proxy for 
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All statistical analyses were performed using the software Statgraphics. Homoscedasticity was 237 tested using Bartlett's test (α=0.05). ANOVAs were performed to check: (1) the differences in 238 mean shell growth of clams for the three salinity conditions between t 35 and t 64 , and (2) the 239 differences in carbon isotope composition between the different salinity conditions for each 240 organ at each sampling date. The differences in condition index between the three salinity 241 conditions were tested by performing non-parametric Kruskal-Wallis test. The carbon isotopic DIC values in the experimental tanks ranged between -1.28 ‰ and -3.34 264 ‰ at salinity 35, between -4.97 ‰ and -5.90 ‰ at salinity 28 and between -8.33 ‰ and -9.52 265 ‰ at salinity 20 (Fig. 3A) . There was a high positive correlation between δ faster in the digestive gland than in the muscle. This illustrates that the tissue turnover rate is 299 higher in the digestive gland than in the muscle. 300
In our study, there was no significant effect of salinity on the clams physiology as indicated 301 by the incorporation of carbon into the tissues, the condition index and shell growth rates. Our results showed that the transfer from field to experimental conditions was followed by a 309 decrease from -0.83 to -6.48 ‰ in δ 13 C shell in just 7 days (Fig. 5 ). Since the difference 310 between field and laboratory δ 13 C DIC was less than 1 ‰, the change in δ 13 C shell was most likely 311 due to the diet δ 13 C shift. This strongly suggests an incorporation of carbon derived from food 312 into the shell. After 35 days, three salinity conditions were tested (20, 28 and 35). As 313 expected, shifts in salinity resulted in shifts in δ Interestingly the incorporation of carbon from food was also very rapid, which is not 327 necessarily expected because assimilation and metabolic processes may occur at a longer time 328
scale. This result suggests that during this experiment most respired C used in shell 329 construction is derived from the direct oxidation of food and is not from stored C sources. 330 331 During this experiment, δ 13 C DIC was not as constant as expected over time for the three 332 salinities (Fig. 3A) . As salinity was constant during this experiment (except the voluntary shift 333 at t 35 ), δ anhydrase (CA) activity on shell δ 13 C. Low salinity could result in decreased carbonic 365 anhydrase (CA) activity in the animal, as has been described for some bivalves (Henry and 366 Saintsing, 1983 ). In addition, CA activity has also been shown to be inhibited by Cl -ions 367 (Pocker and Tanaka, 1978) and therefore by salinity levels. Gillikin et al. (2006) hypothesized 368 that CA, which catalyses the reaction of bicarbonate to CO 2 , thereby facilitating diffusion of 369 DIC through membranes (Paneth and O'Leary, 1985) , may add or remove carbon species 370 from the internal calcifying fluids. A reduction in CA activity due to low salinity could cause 371 a reduction in environmental DIC entering the animal, resulting in a larger relative 372 contribution of metabolic DIC and more negative δ 13 C in the calcifying fluid and shell. Since 373 there was no significant difference between C M values calculated for the three salinity 374
conditions, it appears that the salinity effect on CA activity and the ability of the animal to 375 move environmental DIC into their calcification space is small or non-existent. The similarity 376 between C M values at the three salinities also seems to reject a strong impact of possible 377
varying O 2 and CO 2 levels on shell δ 13 C (see McConnaughey and Gillikin, 2008 ) that could 378 arise with changing salinities. However, future studies should measure these parameters to 379 estimate their role. 380
The estimated values of C M shown in Fig. 7 were highly sensitive to the type of tissue used 381 for calculation and, at t 7 , C M values ranged from 21 % using digestive gland to 50 % using 382 muscle (note that we calculated C M for each date based on δ 13 C tissues values pooled from all 383 salinities as there was no salinity effect on C M ). The estimations using δ 13 C mantle and δ 13 C total 384 soft tissues resulted in intermediate values that ranged between the estimations made using 385 muscle and digestive gland δ 13 C values. At the end of this experiment, these differences were 386 reduced (12 % using digestive gland to 20 % using muscle). Interestingly C M values 387 calculated with digestive gland or muscle, as a proxy for respired carbon δ carbon from these waters was strongly incorporated into the shells. 396
The C M fluctuations through time were higher using δ 13 C muscle as δ 13 C R than using δ
13
C digestive 397 gland (50 to 20 % using muscle; 21 to 12 % using digestive gland). Interestingly, the estimation 398 using δ 13 C phytoplankton (which is lower than δ 13 C tissues , especially at the beginning of the 399 experiment) results in an even more constant estimation of C M over time than using δ 13 C digestive 400 gland , with a value close to 12 %. Since salinity variations didn't affect the clams physiology 401 and other experimental conditions such as temperature and food quantity were constant during 402 this experiment, such a constant value can be expected. Moreover, a C M value of 12 % is near 403 the typical value of 10 % recorded for most aquatic mollusks (see McConnaughey and 404 Gillikin, 2008) . Assuming that δ 13 C R is close to δ 13 C phytoplankton during this experiment 405 illustrates that metabolic CO 2 originates from very reactive tissues or directly from food 406 oxidation when animals are fed continuously, and that muscle tissues were not appropriate to 407 estimate C M . 408
In the field, availability of energy (food) and energy allocation within bivalves is highly 409 variable throughout the year (Paulet et al., 2006) . During phytoplankton blooms, when 410 metabolism is generally high, more of the carbon used for shell mineralization may be derived 411 from metabolic CO 2 which mainly results from oxidation of food. In such a case, δ 13 C R may 412 be closer to δ 13 C values of phytoplankton. During less productive periods, carbon contribution 413 may mainly come from DIC and because metabolism is mainly fuelled from reserves, δ 
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This study experimentally highlights the incorporation of two carbon sources into shell 432 carbonate: dissolved inorganic carbon from seawater and respired carbon derived from food. 433
The incorporation time of both carbon sources into the shell is very short (less than 7 days). 434
These short incorporation times indicate that proxies based on δ 13 C shell may be used with high 435 temporal resolution. Our experimental results also demonstrate that (1) the physiology of this 436 euryhaline clam was not affected by the salinity treatments ranging between 20 and 35 during 437 this experiment; (2) salinity does not seem to affect carbon cycling within the clam; and (3) 438 
